Binge-eating disorder is characterized by excessive, uncontrollable consumption of palatable food within brief periods of time. The role of the glutamatergic N-methyl-D-aspartate (NMDA) receptor system in hedonic feeding is poorly understood. The aim of this study was to characterize the effects of the uncompetitive NMDA receptor antagonist memantine on palatable food-induced behavioral adaptations using a rat model, which mimics the characteristic symptomatology observed in binge-eating disorder. For this purpose, we allowed male Wistar rats to respond to obtain a highly palatable, sugary diet (Palatable group) or a regular chow diet (Chow control group), for 1 h a day, under a fixed-ratio 1 (FR1) schedule of reinforcement. Upon stabilization of food responding, we tested the effects of memantine on the Chow and Palatable food groups' intake. Then, we tested the effects of memantine on food-seeking behavior, under a second-order schedule of reinforcement. Furthermore, we investigated the effects of memantine on the intake of food when it was offered in an aversive, bright compartment of a light/dark conflict test. Finally, we evaluated the effects of memantine on FR1 responding for food, when microinfused into the nucleus accumbens (NAcc) shell or core. Memantine dose-dependently decreased binge-like eating and fully blocked food-seeking behavior and compulsive eating, selectively in the Palatable food group. The drug treatment did not affect performance of the control Chow food group. Finally, intra-NAcc shell, but not core, microinfusion of memantine decreased binge-like eating. Together, these findings substantiate a role of memantine as a potential pharmacological treatment for binge-eating disorder.
INTRODUCTION
Binge-eating disorder is one of most prevalent illnesses in the United States, affecting more than 10 million people (Kessler et al, 2013) . The latest (fifth) edition of the Diagnostic and Statistical Manual of Mental Disorders has now designated binge-eating disorder as a psychiatric illness distinct from other eating disorders with a specific formal diagnosis. Core diagnostic criteria for binge-eating disorder include excessive consumption of food within brief periods of time, accompanied by loss of control, uncomfortable fullness, and intense feelings of disgust and embarrassment (APA, 2013) . Growing evidence suggests that binge eating may result from neuroadaptative mechanisms in discrete areas of the brain that parallel drug and alcohol addiction (Avena et al, 2008; Corwin, 2006; Cottone et al, 2008b; Micioni Di Bonaventura et al, 2014; Parylak et al, 2012) .
Addiction-related behaviors have been linked to impairments in the glutamatergic system in the nucleus accumbens (Kalivas and Volkow, 2011) and the N-methyl-Daspartic acid (NMDA) receptor has been proposed as a promising target for the treatment of a variety of addictive disorders (Gass and Olive, 2008 ). The NMDA receptor shows complex pharmacological properties and numerous classes of antagonists have been described (ie, competitive, noncompetitive, uncompetitive, allosteric (Traynelis et al, 2010) ). Among the different classes of the NMDA channel blockers, uncompetitive antagonists are characterized by their ability to bind to the receptor when the pore is open, at an alternative site to that used by the agonist, therefore being left trapped inside the channel following its closure (Traynelis et al, 2010) . A highly characterized uncompetitive antagonist of the NMDA receptor is memantine, a drug currently used in several countries as an Alzheimer's disease medication because of its neuroprotective properties (Yang et al, 2013) . Notably, a large body of evidence shows that memantine reduces the reinforcing and rewarding effects of drugs of abuse (Hart et al, 2002; Hyytia et al, 1999; Popik et al, 2003; Sabino et al, 2013) . Interestingly, a few studies have suggested the ability of memantine also to reduce excessive intake of palatable food Foltin et al, 2008; Popik et al, 2011) .
The aim of this study was, therefore, to systematically characterize the neuropsychopharmacological effects of memantine using a battery of tasks developed to evaluate different features of maladaptive feeding behavior induced by limiting access to highly palatable food in rats (Blasio et al, 2014; Cottone et al, 2012; Velazquez-Sanchez et al, 2014) . In addition, this study was aimed at evaluating which area of the brain mediates the effects of memantine on excessive intake of palatable food.
Specifically, we determined whether systemic administration of memantine was able to prevent binge-like eating induced by either limited access to a highly palatable diet or by food restriction of the regular chow diet. We also characterized the effects of memantine on palatable food-seeking behavior, using a second-order schedule of reinforcement. Moreover, we determined whether memantine was able to block compulsive-like eating of palatable food, using a light/dark conflict test. We finally assessed the effects of memantine in reducing binge-like eating of a highly palatable diet following site-specific microinjection of the compound directly into the shell and core of the nucleus accumbens.
MATERIALS AND METHODS

Subjects
Male Wistar rats, 45-day-old upon arrival were given access to chow and water ad libitum. Procedures adhered to the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by Boston University Institutional Animal Care and Use Committee. For further details, see Supplementary file.
Drugs
For both systemic and site-specific studies, memantine hydrochloride was dissolved in isotonic filtered saline immediately before administration. For within-subject experiments, treatment days were separated by 1-3 intervening days until the variables returned to baseline. Doses, injection volume, suitability of the vehicle, and pretreatment times were based on previously published reports Sabino et al, 2013) . For further details, see Supplementary file.
Operant Binge-Like Eating Procedure in ad libitum-Fed Rats
Training. Rats were habituated to the home-cage AIN-76A-based diet, hereafter referred to as 'Chow A/I' (5TUM diet formulated as 4-5 g extruded pellets, 65.5% (kcal) carbohydrate, 10.4% fat, 24.1% protein, 330 cal/100 g; TestDiet, Richmond, IN). As previously described (Blasio et al, 2014; Cottone et al, 2012; Velazquez-Sanchez et al, 2014) , animals were trained to self-administer food pellets (45-mg precision food pellets (Chow A/I)) and water (100 ml) for 1 h a day, under a fixed-ratio 1 (FR1) schedule of reinforcement in the operant chambers. During instrumental training, food pellets were 45-mg precision pellets, identical in composition to the diet that rats received in the home cage as B5 g extruded pellets, to ensure that food intake during operant sessions was not influenced by any hedonic factors, only by homeostatic needs.
Testing. After stable baseline of chow responding was achieved, half of the rats were assigned to a 'Chow' control group, in which the operant boxes dispensed the same 45-mg chow pellets offered in the training phase, whereas the remaining rats were assigned to a 'Palatable' group, which received a nutritionally complete, chocolate-flavored, highsucrose (50% kcal) AIN-76A-based diet, comparable in macronutrient composition and energy density to the chow diet (chocolate-flavored Formula 5TUL: 66.7% (kcal) carbohydrate, 12.7% fat, 20.6% protein, metabolizable energy 344 cal/100 g; formulated as 45-mg precision food pellets; TestDiet). It was previously determined that this chocolate-flavored diet is strongly preferred by all rats (Cottone et al, 2008a (Cottone et al, , 2009 Experiment 1: effects of systemic administration of memantine on operant binge-like eating. Chow and Palatable rats (n ¼ 17), trained in the binge-like eating procedure, were injected with memantine (0, 1.25, 2.5, 5, and 10 mg/kg, i.p.), 30 min prior to the operant sessions, using a within-subject Latin-square design.
High Rate of Responding for Chow A/I Induced by Food Restriction
Rats were trained to acquire operant self-administration for the Chow A/I diet, whereas they were food restricted in their home cages. For this purpose, a specific amount of Chow A/I food was provided in the home-cages at the end of the operant self-administration sessions so that the total daily intake, including the food consumed during the self-administration session, equaled the 70% of a rat daily intake. Under these experimental conditions, the rate of responding for the Chow A/I diet of food-restricted rats was comparable to the rate of responding for the highly palatable sugary diet of ad libitum-fed Palatable rats. Rats were food restricted for 10 days before the drug treatment was initiated. For further details, see Supplementary file.
Experiment 2: effects of systemic administration of memantine on high rate of responding for Chow A/I induced by food restriction. Food-restricted rats (n ¼ 10), trained in FR1 schedule for Chow A/I, were injected with memantine (0, 10 mg/kg, i.p.) 30 min prior to their operant sessions, using a within-subject Latin-square design.
Food-Seeking Behavior in ad libitum-Fed Rats: Second-Order Schedule of Reinforcement Food-seeking behavior under a second-order schedule of reinforcement is a procedure in which responding is maintained by the contingent presentation of food-paired stimuli that serve as conditioned reinforcers of instrumental behavior (Everitt and Robbins, 2000; Giuliano et al, 2012) . In the second-order schedule of reinforcement (FI5(FR10:S)), every 10th active lever press (Fixed Ratio 10, FR10) resulted in a brief illumination of lights above both the active lever and the food magazine for 1 s. Responses on the inactive lever had no programmed consequences but were recorded to assess discriminated responding and general levels of motor activity. Following the 10th active lever press, after a fixed interval of 5 min (FI5 min) had elapsed (Kelleher and Goldberg, 1977) , 20 pellets (45-mg chow pellets for the Chow food group or 45-mg chocolate pellets for the Palatable food group) were delivered in the food magazine, both the active and inactive levers retracted, and the lights above both the active lever and the food magazine were presented for 20 s time out. During the FI interval, animals who pressed the active lever did not receive any pellets. After the time out, the lights above both the active lever and the food magazine turned off, and the two levers were again extended into the chamber. The second-order schedule of reinforcement session lasted 40 min. For further details, see Supplementary file.
Experiment 3: effects of systemic administration of memantine on food-seeking behavior using a secondorder schedule of reinforcement. Chow and Palatable rats (n ¼ 15), trained in the second-order schedule of reinforcement, were injected with memantine (0, 2.5, 5, and 10 mg/kg, i.p.) 30 min prior to their operant sessions, using a withinsubject Latin-square design.
Compulsive Eating of Palatable Food: Light/Dark Conflict Test
In this test, a light/dark rectangular box was used, in which the aversive, bright compartment was illuminated by a 60 lux light. The dark compartment had an opaque cover and B0 lux of light. The two compartments were connected by an open doorway, which allowed the subjects to move freely between the two. A shallow, metal cup containing a pre-weighed amount of the same food received during self-administration (45-mg chow pellets for the Chow food group or 45-mg chocolate pellets for the Palatable food group) was positioned in the center of the light compartment. On the test day, rats were placed into the light compartment, facing both the food cup and the doorway. Under normal, control conditions, eating behavior is typically suppressed when a rat is in the aversive, bright compartment; a significant increase in food intake in spite of the adverse conditions, as compared with control conditions, was operationalized as a construct of 'compulsive-like eating' Dore et al, 2014; Velazquez-Sanchez et al, 2014) . The apparatus was cleaned with a water-dampened cloth after each subject. For further details, see Supplementary file.
Experiment 4: effects of systemic administration of memantine on compulsive-like eating. Chow and Palatable rats (n ¼ 39) were injected with memantine (0, 2.5 mg/kg, i.p. the lowest dose effective in reducing binge-like eating) 30 min prior to the 10-min light/dark conflict test, using a betweensubjects design.
Intracranial Surgeries, Microinfusion Procedure, and Cannula Placement
Rats were stereotaxically implanted with bilateral, intracranial cannulas as described previously (Dore et al, 2013; Iemolo et al, 2013; Sabino et al, 2007) . In brief, 24-gauge stainless steel guide cannulas were lowered bilaterally 1.5 mm above the nucleus accumbens (NAcc) shell or core. The cannula coordinates from the bregma used for the NAcc shell were: A/P þ 1.06 mm, M/L±0.75 mm, D/V À 5.5 mm, flat skull. The cannula coordinates from the bregma used for the NAcc core were: A/P þ 1.4 mm, M/L±2.5 mm (61 angle), D/V À 5.5 mm, flat skull. Stainless-steel dummy stylets maintained patency of the cannula. Thirty-three-gauge stainless-steel injector projecting 1.5 mm beyond the tip of the guide cannula were used; the injector was connected via PE 20 tubing to a microsyringe driven by a microinfusion pump. Microinfusions were performed in 0.5 ml volume per side delivered over 2 min; injectors were left in place for 1 additional minute to minimize backflow. Subjects were anaesthetized and microinfused with India Ink (0.5 ml/side). Brains were then flash-frozen and stored at À 80 1C. Coronal sections of 30 mm were collected using a cryostat, and placements were verified under a microscope. Seven subjects (n ¼ 2 for NAcc shell, and n ¼ 5 for NAcc core) were excluded from analysis because of incorrect cannula placement. For further details, see Supplementary file.
Experiment 5: effects of administration of memantine into the NAcc shell on operant binge-like eating. Intra-NAcc shell cannulated rats (n ¼ 11), trained in the binge-like eating procedure, were injected with memantine (0, 2.5, 10, and 20 mg/side), immediately before their operant sessions, using a within-subject Latin-square design.
Experiment 6: effects of administration of memantine into the NAcc core on operant binge-like eating. Intra-NAcc core cannulated rats (n ¼ 14), trained in the binge-like eating procedure, were injected with memantine (0, 2.5, 10, and 20 mg/side), immediately before their operant sessions, using a within-subject Latin-square design.
Statistical Analysis
Parametrical data were analyzed by simple or factorial ANOVAs followed by Newman-Keuls tests. Statistical significance level was set at ap0.05.
RESULTS
Experiment 1: Effects of Systemic Administration of Memantine on Operant Binge-Like Eating
The Palatable food group consumed significantly more food compared with the Chow controls (diet, F (1,15) ¼ 63.72, pp0.001). Systemic memantine treatment selectively and dose-dependently reduced the binge-like eating of the Palatable food group in the operant task, without affecting intake of the control Chow food group (dose, F (4,60) ¼ 5.93, pp0.0001; diet Â dose, F (4,60) ¼ 3.05, pp0.05; Figure 1a) . Post hoc analysis revealed that memantine significantly reduced binge-like eating when injected at the doses of 2.5, 5, and 10 mg/kg compared with the vehicle-treated Palatable food group. When administered at the highest dose (10 mg/ kg), memantine treatment reduced binge-like eating in the Palatable food group by 39.0% (p ¼ 0.0001) and chow intake in the Chow food group by 25.6% (p ¼ 0.568) on average, compared with their respective vehicle-treated subjects. Water intake was not affected by the treatment in either the Chow or the Palatable group (dose, F (4,60) ¼ 1.13, n.s.; diet Â dose, F (4, 60) ¼ 0.53, n.s.; Table 1 ).
Experiment 2: Effects of Systemic Administration of Memantine on High Rate of Responding for Chow A/I Induced by Food Restriction
Responding for regular chow in food-restricted rats was comparable to responding for vehicle-treated palatable food in ad libitum-fed rats in the memantine systemic administration study (t (16) ¼ 1.32, n.s.). Systemic treatment with the highest dose of memantine effective in the binge-likeeating task (10 mg/kg, i.p.) had no effect on the high rate of responding for Chow A/I in the operant FR1 food intake task in food-restricted rats (t (9) ¼ 1.27, n.s.; Figure 1b Analysis of the first interval. The analysis of the first (pre-ingestive) interval revealed that the Palatable food group showed significantly higher food-seeking responding compared with the Chow control rats (diet, F (1,13) ¼ 9.34, pp0.01, Figure 2a Analysis of the remaining intervals. The Palatable food group kept responding at a significantly higher rate compared with the Chow control rats during the remaining intervals of the second-order schedule of reinforcement (diet, F (1,13) ¼ 12.75, pp0.005, Figure 2b , top). Intraperitoneal memantine treatment blocked food-seeking behavior selectively and dose-dependently in the Palatable food group, without affecting responding in the control Chow food group (Dose, F (3,39) ¼ 6.80, pp0.0001; diet Â dose, F (3,39) ¼ 2.79, pp0.05). Memantine blocked the augmentation of food-seeking responding in the Palatable food group when injected at 10 mg/kg (p ¼ 0.72 vs vehicle-treated Chow condition). The same dose of memantine did not affect responding in control rats when compared with the vehicletreated Chow condition (p ¼ 0.68). Inactive lever responding did not differ between groups (diet, F (1,13) ¼ 0.05, n.s., Figure 2b , bottom), and, although the two-way ANOVA detected an effect of treatment, post hoc analysis revealed no Abbreviation: NAcc, nucleus accumbens. Effects of systemic (0, 1.25, 2.5, 5, 10 mg/kg, i.p., n ¼ 17), intra-NAcc shell, and intra-NAcc core administration of memantine (0, 2.5, 10, 20 mg/side, n ¼ 11 and n ¼ 14, respectively) on water intake.
differences among groups (dose, F (3,39) ¼ 3.01, pp0.05; diet Â dose, F (3,39) ¼ 1.33, n.s.).
Experiment 4: Effects of Systemic Administration of Memantine on Compulsive-Like Eating
The Palatable food group exhibited compulsive-like-eating behavior, consuming more food under vehicle conditions compared with the control Chow food group, although the food was placed in a bright, aversive compartment (diet, F (1,35) ¼ 6.65, pp0.02, Figure 2c ). Memantine treatment fully and selectively blocked compulsive-like eating in the Palatable food group when the 2.5 mg/kg dose was administered (the lowest effective dose in the FR1 experiment) (diet, F (1,35) ¼ 6.33, pp0.02; diet Â dose F (1,35) ¼ 6.48, pp0.02).
Experiment 5: Effects of Administration of Memantine into the NAcc Shell on Operant Binge-Like Eating
The Palatable food group ate significantly more food than controls (diet, F (1,9) ¼ 23.73; pp0.001, Figure 3a) . IntraNAcc shell administration of memantine significantly reduced responding for food (dose, F (3,27) 
Experiment 6: Effects of Administration of Memantine into the NAcc Core on Operant Binge-Like Eating
No effect on food intake in either the Chow or Palatable groups was observed when memantine was microinfused into the NAcc core (Figure 4a) 
DISCUSSION
Memantine, systemically administered, reduced binge-like eating of a highly palatable, sucrose diet. The drug's effects were highly selective for the sugary diet as the intake of a regular chow diet remained unchanged. In addition, memantine treatment did not affect water intake, excluding the alternative interpretations that general behavioral suppression or motor impairment could be responsible for the observed reduction in food responding. Furthermore, when memantine's effects were tested on overeating of the regular chow diet induced by food restriction, the drug treatment was devoid of effect. Notably, it has been reported that a chronic, rather than acute, food restriction is necessary to induce adaptations in the reward system, which make rats more susceptible to the effects of drugs of abuse (Carr, 2007; D'Cunha et al, 2013) . In this study, rats were food restricted for 10 days before the first within-subject injection of memantine and, consequently, we can exclude that the duration was not sufficiently long compared with what has been previously used (D'Cunha et al, 2013) . Therefore, data from the food restriction experiment suggest that memantine's effects are specific for palatability induced behavioral processes and independent from high rates of response. More generally, these findings emphasize the difference between hedonic vs energy-homeostatic control of food intake and confirm the hypothesis that although food-related behavioral outcomes induced by palatability can be apparently similar to the ones observed following food restriction/deprivation, the two are governed by dissimilar neuroadaptive mechanisms (Corwin, 2006; Cottone et al, 2009; Cottone et al, 2012) . In this study, we used a food-seeking behavior task in ad libitum-fed rats using a second-order schedule of reinforcement, in which responding was maintained by contingent presentation of food-paired stimuli that served as conditioned reinforcers of instrumental behavior (Everitt and Robbins, 2000) . Under the second-order schedule of reinforcement, bingeing rats showed a very high rate of responding, exhibiting an approximately sixfold increase in seeking behavior compared with control chow rats in the first interval and an approximately fourfold increase during the remaining intervals. Memantine treatment fully blocked palatable food-seeking behavior by reducing the number of active lever presses. Interestingly, memantine was more potent in suppressing seeking behavior of palatable food during the first interval, the only one that occurs before food ingestion. The marked reduction in responding was not attributable to nonspecific effects as neither responding for regular chow diet nor the number of inactive lever responses was reduced by the drug. These results, therefore, suggest that memantine blocks the incentive mechanisms controlling food seeking, and this aspect is of particular relevance as palatable food-associated environmental cues exert a powerful control over feeding behavior, which can override energy-homeostasis signals (Everitt and Robbins, 2000; Giuliano et al, 2012) . Our findings are in contrast with the results shown by Bisaga et al, 2008 , in which authors showed that memantine treatment did not decrease candyseeking behavior. A major difference between the two foodseeking tasks, which may explain the discrepancy, is that the procedure used by Bisaga and colleagues lasted 24 h/day, and therefore monkeys had to go through the appetitive phase to consume food during the day, whereas in the present study, the session lasted only 40 min/day and rats had free access to food in the home cages. In addition, the authors in the previous study investigated the latency to the first candy meal, whereas we are measuring the number of responses on the active lever. For all these reasons, a direct comparison between the two studies is problematic.
As previously shown Velazquez-Sanchez et al, 2014) , bingeing rats exhibited compulsive-eating behavior, as measured by highly palatable food consumption that was resistant to disruption by aversive conditions. Indeed, rats with a history of daily 1 h access to the highly palatable diet, consumed B173 times more food than Chow control rats, when food was placed in the bright, aversive compartment of a light/dark box. Memantine pretreatment fully blocked compulsive eating, bringing the intake of the Palatable food group to the control Chow level. We can confidently exclude that the effect of drug treatment on the light/dark conflict test was influenced by a potential anxiogenic effect, as memantine has been shown to exert either no effect or anxiolytic effects (Koltunowska et al, 2013; Minkeviciene et al, 2008) .
Although the effects of memantine on binge-like eating may be counterintuitive when compared with its capability of increasing impulsive behavior Smith et al, 2011) , they are in agreement with its ability to decrease reinforcement of drugs of abuse as well as alcohol (Blokhina et al, 2005; Hyytia et al, 1999; Sabino et al, 2013; Semenova et al, 1999) . Interestingly, the same paradoxical effect is shared by other NMDA uncompetitive antagonists; indeed, both dizocilpine and ketamine have been shown to increase impulsive behavior in different tasks Nemeth et al, 2010; Paine and Carlezon, 2009 ), but reduce reinforcement of drug of abuse and alcohol (Hyytia et al, 1999; Sabino et al, 2013; Schenk et al, 1993) .
Notably, we here provide evidence that the NAcc shell, but not the core, is implicated in the effects of memantine on binge-like eating of a highly palatable, sucrose diet. Indeed, microinfusion of memantine into the NAcc shell was able to decrease palatable food responding without affecting chow or water responding. To the best of our knowledge, no previous studies have investigated the effects of the brain site-specific administration of memantine on food-related behavior. Few studies have investigated the effects of other uncompetitive antagonists on feeding behavior, although it is critical to remember that the distinctive binding profile of memantine makes this drug pharmacologically unique and different from any other antagonists of the same class (Traynelis et al, 2010) . The lack of effect on regular chow intake following microinfusion with memantine into the NAcc shell confirms the previous observation that the uncompetitive NMDA receptor antagonist dizocilpine microinfused into the same area did not affect the intake of a regular chow diet (Maldonado-Irizarry et al, 1995) . Another study has reported that MK-801 did not affect regular chow intake when injected within rostral subregions of the NAcc shell, but decreased it only at the highest dose when microinfused within caudal regions of the same area (Reynolds and Berridge, 2003) . The observed effects, therefore, suggest that the glutamate/NMDA receptor system within the NAcs-shell is recruited in binge-like eating rats. Activity of the NAcc is greatly modulated by glutamatergic projections that originate in prefrontocortical regions of the brain, including prefrontal and anterior cingulate cortices (Brog et al, 1993; McGeorge and Faull, 1989; Zahm and Brog, 1992) . Chronic drug use causes neuroadaptations in corticofugal projections to the NAcc, which are hypothesized to be responsible of impaired control over drugs (Kalivas et al, 2005) . Interestingly, we have previously demonstrated that rats undergoing the binge-like eating procedure used here exhibit dysfunctions in the prefrontal and anterior cingulate cortices (Blasio et al, 2014; Cottone et al, 2012) . Therefore, we hypothesize that dysfunctions in cortico-accumbal glutamatergic projections may mediate the maladaptive behavioral phenotype in rats intermittently exposed to the highly palatable diet.
Therapeutic Implications
The present study shows that the uncompetitive NMDA receptor antagonist memantine, a well-tolerated drug marketed for the treatment of Alzheimer's disease (Yang et al, 2013) , is effective in reducing rodents' palatable foodinduced behavioral adaptations, which mimic the characteristic symptomatology observed in binge-eating disorder (ie, excessive food intake, heightened food-seeking behavior, and compulsive eating). Memantine reduced bingelike eating of a sucrose diet, an effect which was not a consequence of the high rate of responding, but which was, instead, dependent on the hedonic properties of the food. When administered in individuals affected by binge-eating disorder, memantine has been demonstrated to be effective in reducing the frequency of binge days and episodes, severity of illness, disinhibition and disability (Brennan et al, 2008; Hermanussen and Tresguerres, 2005) . In the present study, memantine fully blocked palatable foodinduced seeking behavior, revealing the importance of this drug treatment not only for the consummatory aspect of binge eating, but also for the salient environmental stimuli which can trigger a binge-eating episode (Ng and Davis, 2013) . Remarkably, memantine treatment fully blocked the compulsivity associated with the intake of the highly palatable food, confirming the potential therapeutic role of this drug in curing aspects of compulsiveness in humans (Ghaleiha et al, 2013; Grant et al, 2012; Hart et al, 2002) . Finally, our results provide evidence of the neuroanatomical site of action for the effects of memantine, as drug treatment reduced binge-like eating when microinfused into the shell, but not the core, of the NAcc. Our results, therefore, substantiate the use of memantine as a potential pharmacological treatment for binge-eating disorder.
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